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where the radicals Ar, Ar 1 and Ar 2 are 'etravalent, 
divalent or trivalenl aromatic or heteroaromatic groups 
and the radicals X, which are identical 'within a repeal- 
ing unit, are each an oxygen atom, a sulfur atom or an 
amino group h r ;en ii m i ..oup having 

1-20 carbon atoms, preferably a branched or 
unbranched alkyl or alkoxy group, or an aryl group as 
further radical, in admixture with 
b) from 99,9 to 0.1% by weight of a polysulfone com- 
prising recurring units of the formula 2A, 2B, 2C, 2D, 
2E. 2F and/or 2G and having no sulfonic acid groups: 
— O—R— S0 2 — R— (2A) 
— O— R~- SO,— R— O— R— (2B) 
— O— R— SOj— R— O— R— R— (2C) 



— O — R — S0 2 — R- 



(57) 



ABSTRACT 



i relates to an acid-doped, single-layer or 
multilayer polymer membrane comprising at least one layer 
A of a polymer blend comprising 

a) from 0.3 to 99.9% by weight of one or more polymers 
comprising recurring azole units of the formula 1A 
and/or IB: 



— O — R — S0 2 — ii — R — S0 2 — R — (2E) 

— O — R — S0 3 — R. — R — S0 2 — R — O — R — S0 2 — ] (2F) 
4© — R — S0 2 — R^-fSOi — R — R-J— - PO), 

where the radicals R are identical or different and are 
each, independently of one another, 1,2-phenylene, 
1,3-phenyfene, 1,4-phehyknc, 4,4'-biphenyl, a divalent 
radical of a beteroaromalic, a divalent radical of a 
C 10 -aromatic and/or a divalent radical of a (^-aro- 
matic. 

Furthermore, a process for pro ucin; i l ped polymer 
membrane, its use hi fuc ! cells, in electrolysis, in capacitors, 
in battery systems and in eiectrochromic applications ;.nd 
also membrane electrode units comprising at least one 
polymer membrane according to the invention are described. 
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NOVEL MEMBRANES HAVING IMPROVED 
MECHANICAL PROPERTIES, FOR USE IN FUEL 
CELLS 

[0001] Acid-doped, single-layer or multilayer polymer 
membrane having layers comprising polymer blends com- 
prising polymers having recurring azole units, process for 
producing such polymer membranes and their use, 
[0002] The present invention concerns the field of polymer 
membranes. In particular, the invention relates to an acid- 
doped polymer membrane. In addition, the invention relates 
to a process for preparing the doped polymer membrane and 
to its use. 

[0003] The polymer membrane which has been doped 
according to the invention can be used in a variety of ways. 
Owing to its excel'e u > r is of par- 

ticular importance as a polymer membrane in fuel cells. 
[0004] Polyazole membranes for use in fuel cells are 
already known. The basic membranes are doped with con- 
ceniraitd phosphoric dCid Or su-fi.ric acid and serve as 
proton conductors in polyelectrolyte membrane fuel cells 
(PEM fuel ceils). 'Such membranes allow the membrane 
electrode unit (MEE) to be operated at from 100° C. to 200° 
C. and ia this way significantly increase the tolerance of the 
catalyst to the carbon monoxide formed as by-product in 
e ' < -eparalioo or gas purification is 

significantly simplified. 

[0005] Disadvantages of these membranes are their 
mechanical instability with a low E modulus, a low tear 
-T.-u'th and a low upper flow limit and also their relaHveJy 
high permeability to hydrogen and oxygen. 
[0006] Kerres, J. et al. (Kerres, Jochen; Ullrich, Andreas; 
Meier, I'Vauk; ! liking, Thomas "Synthesis and ckaracianza- 

iop <f i ' < *i pu!\"i • 'h ' ipphmlion in 
membrane fuel! cells" Solid State ionics 125, 243 to 249, 
1.999) provide membranes of sulfonated polyether ether 
ketone sPEEK ©Victrex or polyether sulfone sPSU ®Udel 
and PSU ®Udel which has been diaminated in the ortho 

o iion relative lo the sulfone bridge, poly(4-vinyi:>yn- 
) beiiZ-j fix j joly(et! 

imine) PEL These membranes display good proton conduc- 
tivity at an ion exchange capacity IEC of 1 (lEC-meq of 
S0 3 H/g of dry membrane) and a good thermal stability. 

[0007] Hi Mli i i 1 n hat the con 

ductivity of the membranes breaks down under atmospheric 
pressure above 100° C. due to the loss of water. For this 
reason, these membranes cannot be used in fuel cells above 
100° C. under atmospheric pressure. 
[0008] In view of the prior art, it is an object of the present 
invention to provide a doped polymer membrane having 
improved properties. The polymer membrane of the inven- 
tion should display good proton conductivities and a low 
permeability to hydrogen and oxygen. 
[0009] A further object is to provide a doped polymer 
mebrane which can be used in fuel cells. In particular, the 
doped polymer membrane should be suitable for use in fuel 
cells above 100° C. under atmospheric pressure. 
[0010] It is also an object of the invention to provide a 
process for producing the doped polymer membrane, which 
process can be carried out in a simple my, incxpen 
and on an liidaastj i.k scale. 



[0011] These and further objects which have not been 
- 1 1) uiLiitu hi. d but can be readily derived or concluded 
from the relationships discussed briefly here are achieved by 
an acid-doped polymer membrane having all the features of 
claim 1. Advantageous embodiments of the doped polymer 
membrane of the invention are claimed in the subordinate 
claims which refer back to claim 1. A process for producing 
the doped polymer membrane of the invention is described 
in the process claim, while the claims in the use category 
claim preferred uses of a polymer membrane which has been 
doped according to the invention. 

[0012] Provision of an acid-doped, single-layer or multi- 
layer polymer membrane comprising al leas: one layer A of 
a polymer blend comprising 
[0013] a) from 0.1 to 99.9% by weight of one or more 
polymers comprising recurring azole units of the for- 
mula 1A and/or IB: 



N N ] 

4<>+ 



[0014] where the radicals Ar, Ar 1 and Ar 2 are tetrava- 
lent, divalent or trivalent aromatic or heieroaromatic 
fii ips ' ' ] \ c lent cal within a 
repealing unit, are each an oxygen atom, a sulfur atom 
or i inn e, > nn r i m, a group 

having 1-20 carbon atoms, preferably a branched or 
uDbranched aikyl or aJkoxy group, or an aryl group as 
further radical, in admixture with 

[0015] b) from 99.9 So 0.1 % by weight of a polysulfone 
comprising recurring units of the formula 2 A, 2B, 2C, 
2D, 2E, 2F and/or 2G and having no sulfonic acid 
groups: 



— O — R— S0 2 — R — R— S0 2 — -R— - (2E) 

— O — R — S0 2 R — R — S0 2 R — O — R — S0 2 — ] (2F) 
^©—R—SOj— .R44S0 2 R— Rf- (2G), 

[0016] where the radicals R are identical or different 
and are each, independently of one another, 1,2-phe- 
nylene, 1,3-phenylene, 1,4-phenylene, 4,4'-biphenyl, a 
divalent radical of a heieroaromatic, a divalent radical 
of a C 1D -aromatic and/or a divalent radical of a C J4 - 
aromatic, 
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[0017] makes it possible, in a. manner which could 
not readily have been foreseen, to obtain a doped 
poiymer membrane having improved mechanical prop- 
erties, in particular an increased E modulus and 
improved fracture strength, 

[0018] At the same time, the doped polymer membranes 

I ] J S 1 I t St 

include, inter alia: 

[0019] =>Tbe doped polymer membranes display good 
proton conductivities. 

[0020] =>The doped polymer membranes have only a 
low permeability to hydrogen and oxygen. 

[0021] =>Even extremely thin, doped polymer mem- 
branes having a total thickness in the range from 10 to 
100 fan have sdYieienlly good rraitrial properties at 
100° C, in particular a very high mechanical stability 
and a low permeability to hydrogen and oxygen. 

[0022] =>The property profile of the doped polymer 
membrane can be improved further by means of a 
multilayer structure. 

[0023] =>The doped polymer membrane is suitable for 
use in fuel cells above 100° C-, ill particular under 
atmospheric pressure. 

[0024] =>Partial replacement of the comparatively 
expensive polyazole by comparatively cheap polysul- 
fone provides a doped polymer membrane which is 
cheaper to produce. 

[0025] =>The doped polymer membrane can be pro- 
duced in a simple way and on an industrial scale. 

[0026] According to the present invention, ihe polymer 
membrane comprises at least one layer A of a polymer blend 
which comprises from 0.1 to 99.9% by weight of one or 
more polymers comprising recurring azole units of the 
formula 1 A and/or IB: 



grouj i 1 o s. pn; feral 
unbranched aikyl or alkoxy group, or an aryl group as 
further radical. Preferred alkyl groups are short-chain alkyl 
groups having from 1 to 4 carbon atoms, e.g. methyl, ethyl, 
n- or i-propyl and t-butyl groups. Preferred aromatic groups 
are phenyl or naphthyl groups, The alkyl groups and the 
aromatic groups may be substituted. Preferred subsiituenis 
are halogen atoms such as fluorine, amino groups or short- 
chain alkyl groups such as methyl or ethyl groups. 

[0029] If polyazoles comprising recurring units of the 
formula (1 A) are used for the purpose of the. present inven- 
tion, the radicals X should be identical within a recurring 
unit. 

[0030] A polyazole used for the purposes of the invention 
can iii principle comprise diffcrtnl recurring units which., for 
example, differ in their radical X. However, it preferably has 
only identical recurring units. 

[0031] mat i ibtioime flit pre* i iiveni 1 i 
the pclymsr comprising recurring azoic units is a copolymer 
comprising at least two units of the formula (1A) and/or (IB) 
which differ from one another. 

[0032] In a particularly preferred embodiment of the 
present invention, the polymer comprising recurring azole 
units is a polyazole consisting of only units of the formula 
(1A) and/or (IB). 

[0033] The number of recurring azole units in ihe polymer 
is preferably greater than or equal to .10. Particularly pre- 
ferred polymers contain at least 1.00 recurring azole units. 

[0034] For the purposes of the present invention, prefer- 
ence is given to using polymers comprising recurring ben- 
' .-.imidazole units An example of an extremely advantgeous 
i i ■ sr comprising recurring benzimidazole units is repre- 
sented by the formula (1C): 



+<><>-+ 




[0027] The radicals Ar, Ar 4 and Ar 2 are telravalent, diva- 
lent or trivalent aromatic or heteroaromatic groups which 
may each have one or more rings. Preferred groups are 
derived from benzene, naphthalene, biphenyl, diphenyl 
ether, diphcLiylrnelhane, Giphc:iy:6imetn\'imelhane, bisphc- 
none, diphenyl sulfone, quinoline, pyridine, anthracene and 
phenaulhrene, which may also be substituted. Ar 3 can have 
i 1 su -o t J i n mthecas c eue,Ai cars be, 
for example, ortho-, mela- or para-phenyiene. Particularly 
preferred groups are derived from benzene and biphenyl 
which may also be substituted. 

[0028] The radicals X are each an oxygen atom (benzox- 
azole unit), a sulfur atom (benzotbiazole unit) or an amino 
group (bcD/jmida/ulc unit) bearing a hydrogen atom, a 




[0035] where n is an integer greater than or equal to 10, 
preferably greater than or equal to 100. 

[0036] According to the present invention, the polymer 
blend comprises from 99.9 to 0.1% by weight of a polysul- 
fone which contains no sulfonic acid groups. The poiysui- 
fone comprises recurring units having linking suJJbnc 
groups corresponding to the formulae 2A, 2B, 2C, 2D, 2E, 
2F and/or 2G: 

— O — R — S0 2 — R — (2A) 
— O — R — S0 2 — R — O — R — (2B) 
— O — R — S0 2 — R — O — R — R — (2C) 
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— 0 — R — S 0 2 — R — R — S0 2 — R — 

— O—R— -S0 2 ~R— R— SOj— R— O— R— SOj— 1 
•fO— R— SO, RffSOj— R— Rf- 



[0037] where the radicals R are identical or different and 
are each, independently of one another, 1,2-pbenylene, 1,3" 
phenylene, 1,4-phenylene, 4,4'-biphenyi, a divalent radical 
of a heteroaromatic, a divalent radical of a C 10 -aromatic 
and/or a divalent radical of a C„-aromalic. Examples of 
heteroaromatics are pyridine and quinoline. An example of 
a C 10 -aromalic is naphthaline, and an example of a C 14 - 
ar-.jrtiK'ie is phensmhrenc. 

[0038] Polysulfones which are preferred for the purposes 
of the present invention include h ion id cope!; 

mere, for example random copolymers such as ®Victrex 720 
P and ®Astrel. Particularly preferred polysulfones are: 




®Rade! R 
(EVlctrex HTA 



®Odel 
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®Radel R. 

[0040] The polysulfones which can be used according to 
the invention may, if desired, be substituted. However, iky 
must contain neither protonated sulfonic acid groups 

— so 3 h (3), 
[0041] nor protonatable sulfonic acid salt groups 

SOfM* (4), 
[0042] where M* is an inorganic or organic cation, 
because these can rrspsir 1 banical is 

doped polymer membrane. 

[0043] In a preferred embodiment of the present invention, 

the polysulfones are unsubsfituted. 

[0044] In another preferred embodiment of the present 
1 ii b> numhe 1 erage 1 eciila ighl oi the 
polysulfones is greater than 30 000 g/mol. 

[0045] The polymer membranes of the invention are 
doped. For the purposes of the present invention, doped 
polymer membranes are polymer membranes which due to 
the presence of dopants display an increased proton con- 
ductivity compared to the undoped polymer membranes. 
Dopants for the polymer membranes of the invention are 
acids. In this context, acids include all known Lewis and 
B nsied acids, preferably inorganic Lewis and Brpnsted 
acids. Furthermore, the use of polyacids, in particular iso- 
poJj ±« lieterojMih icids and of mixtures of various 
acids is also possible. For the purposes of the present 
invention, beteropolyacids arc inorgaaic polytcids having at 
least two different central atoms which are formed from 
weak, polybasic oxo acids of a. metal (preferably Cr, Mo, V, 
W) and of a nonmetal {preferably As. I. P. v.. Si, 1 ] ^ 

lybdophosphoric acid and 12-tungslophosphOric acid, 

[0046] Particularly preferred dopants according to the 
1 1 1 ion aie sulfuric acid and phosphoric acid. A very 
particularly preferred dopant is phosphoric acid - ii J't • . 

[0047] The degree of doping can be used to influence the 
conductivity of the polymer membrane of the invention. The 
conductivity increases with increasing concentration of the 
dopant until a maximum value is reached. According to the 

1 re ping is rep las icid 

mole of repeating unit of the polymer. For the purposes of 
the present invention, a degree of doping of from 3 to 15, in 
particular from 6 to 12, is preferred. 

[0048] The property spectrum of the polymer membrane 
of the invention can be altered by varying its composition. 
In a preferred embodiment of the present invention, the 
I 1 ic blend comprises 

[0049] a) from 50 to 99% by weight of a polymer 
comprising recurring aznle units of the formula 1A 
and/or IB, 

[0050] in admixture with 

[0051] b) from 1 to 50% by weight of a polysuifone 
which has no sulfonic acid groups. 

[0052] In a particularly preferred embodiment of the 
present invention, the polymer blend comprises 



[0053] a) from 70 to 95% by weight of a polymer 
comprising recurring azole units of Ihe formula 1A 
and/or IB, 

[0054] in admixture with 

[0055] b) from 5 to 30% by weight of a polysuifone 
which has no sulfonic acid groups. 

[0056] The doped polymer membrane has a single-layer or 
multilayer sir < Liltilayc tructurc enables its nate- 
rial properties such as the E modulus, the tensile strength 
and the proton conductivity to be varied in a desired way. 
The polymer membrane of the invention preferably com- 
pn- i' a I i 

rom 1 be polymer blend according to the invention and differ 
from one another in. the content of polysuifone b). In 
addition, it is particularly advantageous for the thicknesses 
■ of the two layers A and B also to be different. 

[0057] According to the invention, particular preference is 
given to a doped polymer membrane which comprises at 
least three layers A, B and C which are each obtainable from 
the polymer blend according to the invention, with the 
middle layer C differing from ihe two outer layers A and B 
in the content of polysuifone b). Variation of the layer 
thicknesses can likewise be advantageous. In a particularly 
■ - font e obt iiin m >1 the present ics n:i a, ' r - i pt 
polymer membrane comprises three layers A, B and C. Here, 
the outer layers A and B are thinner than the middle layer C 
and have a higher content of polysuifone b) than the middle 
layer C In a very par.ici kill ie 

present invention, the middle layer C contains no polysui- 
fone. 

[0058] The properties of the polymer membrane of the 
invention can be controlled to some extent by its total 
thickness, However, even extremely thin polymer mem- 
I ia 1 mech 1 ties and a low 

permeability £0 water and oxygen, They are therefore suit- 
able for use in fuel cells at above 100° C, in particular foi 
use in fuel ceils at above 120° C, without the edge region 
of the :n bra 1 ic unit ha vn ilorecd, Tfc 

total thickness of the doped polymer membrane of the 
invention is preferably in the range from 5 to 100 fim, 
advantageously from 10 to 90 fim, in particular from 20 to 
80 Mm. 

[0059] The polymer membrane of the invention has 
improved material properties compared to the previously 
known doped polymer membranes. In particular, it has very 
good mechanical properties and a low permeability to 
hydrogen and oxygen. In a particularly preferred embodi- 
ment of the present invention, its proton conductivity al 
room temperature is above 30 mS/cm and its E modulus 
after 10 minutes at 100° C. is greater than 10 MPa. 

[0060] Processes for preparing doped polymer membranes 
are known. In a preferred embodiment of the present inven- 
ii;>n, 1 bey .ire obtained by wetting a polymer blend according 
to the invention with concentrated acid, preferably highly 
concentrated phosphoric acid, for an appropriate time, xef- 
erably 0.5-96 hours, particularly preferably 1-72 hours, at 
temperatures in the range from room temperature to 100" C. 
and atmospheric or supcratmospheric pressure. 

[0061] For the purposes of the present invention, "polymer 
blends" are physical mixtures of polymers, Processes for 
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prepann isr blends ai 11 biaint 

for example, from a solution containing the polymers to be 
en I i , i Ibc -.il rhc ' t r i 

the solvent is preferably carried out in such a way that a 
ig ai Ccrab rem f.lm is obtained. 

For the purposes of the present invention, N.N-dimethylac- 
etamide, N,N-dimethylformamide, dimethyl sulfoxide, 
N-methyrpyrrotidorje or mixtures of these solvents are pref- 
erably used. 

[0062] Possible applications of the doped polymer mem- 
branes of the invention include, inter alia, the use in fuel 
cells, in electrolysis, in capacitors and in battery systems. 

' /lug to their property profile, the doped polymer mem- 
branes are preferably used in fuel cells. 

[0063] Trie present invention also provides a membrane 
electrode unit which comprises at least one polymer mem- 
brane according to the invention. For further information on 
membrane electrode units, reference may be made to the 
technical literature, in particular Ihe paier.ts U.S. Pat Vo 
4,191,618, U.S. Pat. No. 4,212,714 and U.S. Pat. No. 
4.333.805, whose disclosure is hereby explicitly incorpo- 
rated by reference into the present patent application. 

[0064] The invention is illustrated below by means of 
extin iii cxamj bout t lie in i 

being restricted to these examples, 

1, EXAMPLE 

[0065] a) Preparation of a PBI-DMAc Solution. 

[0066] ©Celazolc from Celanese is dissolved in N,N- 
dimetbyiacetamide (15% by weigh; of Ceiazc-e) at a tem- 
perature of 200° C. over a period of 2-4 hours. 

[0067] b) Preparation of a Polysulfone Solution 

[0068] Polysulfone ®Radel-R 5700 from Amoco (or poly- 
ether sulfone ®UItrason E 6000 from BASF) is dissolved in 
N,N-dimelhyIacetamide or N-methylpyrrolidone (15% by 
weight). The polysulfone solution is filtered through a 
pressure fitter at room temperature. 

[0069] c) Preparation of the Polymer Mixture in Solution 

[0070] The PBI-DMAc solution and the polysulfone solu- 
tion are mixed by means of a slow-running anchor stirrer at 
a temperature of 60-95° C. Lower temperatures or high 
rotational speeds of the stirrer lead, as a result of the 
Weissenberg effect which is displayed by the polybenzimi- 
dazofe solution, lo at least partial demixmg of ihe solution. 
The mixed solution is degassed by application of a vacuum 
for a period of at least 15 minutes at a temperature of SU° C. 

[0071] d) Production of the Polymer Membrane 

[0072] The solution is applied in a thickness of about 250 

fan by means of a doctor blade to a glass plate in a low-dusi 
environment (laminar flow box) and dried at temperatures of 
up to 120° C. in a convection drying oven provided with a 
dust filter. The dried polymer membrane is peeled off from 
the glass piste 

[0073] e) Doping of the Polymer Membrane 

[0074] The membrane is wetted with 85% strength phos- 
phoric acid for 72 hours at room temperature. 



2. COMPARATIVE EXAMPLE 

[0075] Victrex polyether ketone (PEK) is, as described in 
DE 19847782 Al 20000420, converted into the sulfonated 
product Ihe e 

' rhe sulfonic aci. > ncr is converted into the 
sodium salt by stirring overnight in 5% strength aqueous 
sodium hydroxide at S0 C C, filtered off, washed and dried. 

[0076] The sulfonic acid polymer is dissolved in N,N- 
dimethyiacetamide or N-methylpyrrolidone (15% by 
weigh:). The polysulfone solution is filtered through a 
pressure filter ai room temperature. 

[0077] The dissolution of the polymer is carried out in a 
manner analogous to 1 b). Conversion of the sodium salt' 
into the free acid is carried out by treatment of the blend 
membrane with phosphoric acid. The preparation of the 
polymer mixture in solution, ihe production of the polymer 
membrane and the doping of the membrane are carried out 
by methods analogous to those in the above example. 

[0078] 3. Determination of the Phosphoric Acid Concen- 
tration 

[0079] The doped membranes are stirred overnight in 
precisely 1 1 of distilled water. They are then taken from the 
water and dried at 150° C. and 20-50 mbar for 3 hours. The 
ried membranes a 1 it 

is determined by titration with a standard soltitier. of sodium 
hydroxide. 

[0080] The number of acid molecules per repeating unit, of 
the respective polymer is calculated from the dry mass of the 
membrane and the titration data. The results obtained are 
summarized in table 1. 

TABLE 1 . 





H-jPCVrepeating 
Blending unit of the 

Sampte component [%} polymer 



F. 1 5% PES 9.26 

E 2 10% PES 8.75 

E 3 20% PES 8.44 

E 4 5% PSU 9.29 

E S 10% PSU 8.92 

E 6 20% PSU 7.75 

CE 1 0% 9,35 

CE 2 S% sPEK 9.85 

CE 3 10% sPEK 9.51 

CE 4 20% sPEK 8.76 



E: Example; 

CE: Co:q.<-.iaiive cmnp.: 

[0081] 4. Measurement of the Conductivity 

[0082] Measurements were carried out at room tempera- 
ture by means of a 4-pole arrangement using platinum 
electrodes (wire, 0.25 mm diameter) and a Zahner IM 6 
impedance spectrometer. The spectrum obtained is fitted 
using a simple model consisting of a parallel circuit, a 
capacitor and a resistance. The dimensions of the sample 
were determined prior to doping. The results are shown in 
table 2, 
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TABLE 2 

Condiicrivitv measurements 



zr.ot Thickness Erro 



[,F] [%-] Icm] 



5 r i PES 
10% PES 
20% PES 

5% PSU 
10% PSU 



CE 2 05% sPEK 



2392 2.77 



0.079 
0.076 

0.056 



E: Example; 

Cti: (V,n'p;..:.aiv; example 
PSU (Radel R5700): 
PES (Ultreson E6O00); 
PEIC [M420 {Op. 3/99) Na salt] 



[0083] 5. Measurement of the Mechanical Properties 

[0084] Hie mechanical properties are determined in a 
uniaxially tensile test on a Zwick testing machine (100 N 
load cell). The geometry of the test specimen is determined 
in the undoped state. The specimen width in the undoped 
state is 15 mm, and the specimen length between the 
pneumatically operated chucks is 100 mm. 

[0085] The init ial force is 0, 1 N, and the test is carried out 
at a speed of 100 mm/min. 

[0086] The samples are installed in the sample chamber 
preheated !o 100" C',. the sample chamber i? closed and the 
is started after precisely 10 minutes. Table 3 
m arizes the results. 



TABLE 3 




Measuremen 












Fracture 


Elo.i^ilien 










al 






C [MPa]" 


[J/m 2 ] 


{%} 


EN/mm=] 


E 1 


8.67 




24.4] 


1.75 


ft 2 


8.32 


32590 


27.80 


1.67 


E 3 


8.04 


=1793:1 


33.14 


1 .99 


E 4 


7.2J 


41715 


2" ~5 




E 5 


9. HI 


22473 


20.:: 




E 6 


22.59 


9 ile 


55.90 




E t 


7.71 


23263 


22.06 


1.51 


CE 2 


8.27 


47650 


33.(18 


1.97 


E 3 


7.52 


37561 




1.93 


CE A 


6.65 


47483 


35. 6S 





X X J 

+0+ 



e tetravalent, 
imalic groups 



where the radicals Ai, Ar ] and Ar : a 
divalent or trivalent aromatic or heteroar 
and the radicals X, which are identical w 
ing unit, are each an oxygen atom, a sulfur atom or an 
amino group bearing a hydrogen atom, a group having 
1-20 carbon atoms, preferably a branched or 
unbranched alkyi or alkoxy group, or an aryl group as 
further radical, in admixture with 

b) from 99.9 to 0.1% by weight of a polysulfone com- 
prising recurring nits of th >nnula 2A, 2B. 2 11 
2B, 2F and/or 2G and having no sulfonic acid groups: 

—O— ■ R— S0 2 — R~ (2A) 
~-0— R — S o 1 -~R--<>~R-~ (2B) 
(2C) 



CE: CompaTalive example 

! = „: Maximum force ir, the tew 

R ma; ,.: Ultimate lensr? slrengtb 



1, An acid-doped, single-layer or multilayer polymer 
membrane comprising at least one layer A of a polymer 
blend comprising 

a) from 0.1 to 99.9% by weight of one or more polymers 
comprising recurring azole units of the formula 1A 
and/or IB: 



— O— R— S0 2 — R— R— S0 2 — R— 
4©— R—SOy- R4-fS0 2 — R— Rf- (2G), 

where the radicals R are identical or different and are 
each,- independently of one another, 1,2-pbenyIene, 
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1,3-phenylene, 1,4-phenyIene, 4,4 -biphenyl, a divalent 
radical of a heteroaromatic, a divalent radical of a 
C 10 -aromatic or a divalent radical of a C^-aromatic. 

2. A doped polymer membrane as claimed in claim 1, 
In rem rl inmbe curr ng , t units i ' p< 1 . : 

is greater than or equal to 10, in particular greater than 100. 

3. A doped polymer membrane as claimed in either of the 
n w tog claims, wherein the polymer a) is a polymer 

i rr i iii di nits of the formula 

1C): 



(ic; 




where a is an integer greater than or equal to 10. 

4. A doped polymer membrane as claimed in any of the 
u<i ii l i suit one is ol the type 

©Victrex 200 P, ©Viclrex 720 P, ©Radel, ®Radel R, ®Vic- 
trex HTA, ®Astrel oer ®Udel. 

5. A doped polymer membrane as claimed in one or more 
of the preceding claims, wherein the polysulfone is of the 
type ®Radel R- 

6. A doped polymer membrane as claimed in one or more 
of the preceding claims, which is doped with an inorganic 
Lewis or Brpnsted acid, preferably with hydrochloric acid, 
sulfuric acid and/or phosphoric acid. 

7. A doped polymer membrane as claimed in one or more 
ti 1 - 'herein the polymer blend corn- 
prises' 

a) from 50 to 99% by weight of a polymer comprising 
recurring, azo] units of I 1 < i 1 A and/or IB, 



b) from 1 to 50% by weight of a polysulfone comprising 
recurring units of the formula 2A, 2B, 2C, 2D, 2E, 2F 
and/or 2G which has no sulfonic acid groups. 

8. A doped polymer membrane as claimed in one or more 
of the preceding claims which comprises r-s l ieasl two layers 
A and B which are each obtainable from a polymer blend as 
Id'in clam m one t e h i r 
of polysulfone b) and preferably in their thickness. 

9. Adoped polymer membrane as claimed in one or more 
of claims 1 to 7 which comprises at least three layers A, B 
and C which are each obtainable from a polymer Wend as 
defined in claim 1, with the middle layer C differing from the 
two outer layers A and B in the content of polysulfone b). 

I. 0. A doped polymer membrane as claimed in claim 9, 
wherein the middle layer B contains no polysulfone b). 

II, Adoped polymer membrane as claimed inone or more 
of the preceding claims which has a total thickness of from 
5 to 100 /m. 

12. Adoped polymer membrane as claimed inone or more 
of the preceding claims whose proton conductivity at room 
temperature is above 30 mS-cm ant! whose. E mnduhis after 
10 minutes at 100° C. is greater than 10 MPa. 

13. A process for producing a doped polymer membrane 
as claimed in one or more of the preceding claims, which 
comprises wetting a polymer blend as defined in the claims 
with concentrated acid for an appropriate time : al tempera- 
tures in the range from room temperature to 100° C. and 
atmospheric or superaSmospberic pressure. 

14. The use of a doped polymer membrane as claimed in 
one or more of claims 1 to 12 in fuel cells, in electrolysis, 
in c tors or i '.ten ysrerns 

15. The use as claimed in claim 14 in fuel cells. . 

16. A membrane electrode unit comprising at least one 
polymer membrane as claimed in any of claims 1 to 12. 



in admixture with 



